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(57)Abstract: 

PURPOSE: To keep a discharge capacity from deteriorating when charge and discharge are repeated at temperatures below 
0°C. 

CONSTITUTION: In a method for manufacturing a nonaqueous electrolyte secondary battery which uses lithium composite 
oxides as its positive active material and a carbonaceous material as its negative electrode which forms a carbon layer with a 
spacing of 3.4 angstrom or less, the carbonaceous material is subjected to a corona discharge process. The corona discharge 
process may be performed prior to or after formation of the carbonaceous material into the negative electrode. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of the nonaqueous electrolyte rechargeable battery 
which uses a lithium multiple oxide for a positive active material, and uses carbonaceous material for a negative electrode. In 
more detail, in case this invention manufactures the nonaqueous electrolyte rechargeable battery which uses a lithium multiple 
oxide for a positive active material, and uses carbonaceous material for a negative electrode, it raises the wettability to the 
electrolytic solution of a negative electrode, and relates to the manufacture method of a nonaqueous electrolyte rechargeable 
battery of improving the charge-and-discharge property of a cell. 
[0002] 

[Description of the Prior Art] In recent years, development of the rechargeable battery used there is furthered corresponding 
to the formation of small lightweight of electronic equipment. To the lead cell and nickel-cadmium battery whose nonaqueous 
electrolyte rechargeable battery which performs the charge and discharge of a lithium ion especially using a nonaqueous 
electolyte is a solution system electrolytic-solution rechargeable battery, it is lightweight, an energy density is high, the high 
voltage can be generated, and it has a non-memory effect, since a pollution-free rechargeable battery is realizable, 
development is furthered actively, and various proposals are made. 

[0003] For example, in such a nonaqueous electrolyte rechargeable battery, in order to improve the cycle-life property of a 
cell, using a dope and the carbonaceous material which can carry out a ** dope is proposed by the negative electrode in the 
lithium (JP, 62-90863, A). More specifically as such a carbonaceous material, a difficulty graphite and ****** are used. 
[0004] On the other hand, as a positive active material of a nonaqueous electrolyte rechargeable battery, a lithium multiple 
oxide raises cell capacity and is proposed as an active material which makes an energy density high. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, when it constitutes a lithium secondary battery in a negative electrode 
using carbonaceous material, in order to dope Li with high density more and to make the energy density of a cell high as the 
carbonaceous material, what has the narrow spacing of a carbon layer is desirable. 

[0006] However, when carbonaceous material with a spacing narrower than the difficulty graphite and ****** which are 
generally used conventionally, i.e., a spacing, used carbonaceous material 3.4A or less, there was a problem that it was 
remarkable compared with capacity degradation when capacity degradation at the time of repeating charge and discharge 
below 0 degree C repeats charge and discharge at a room temperature. 

[0007] This invention tends to solve the technical problem of the above conventional technology, and when the spacing of a 
carbon layer constitutes a nonaqueous electrolyte rechargeable battery in a negative electrode using carbonaceous material 
3. 4 A or less, it aims at suppressing capacity degradation when repeating charge and discharge at the temperature of 0 degree 
C or less. 
[0008] 

[Means for Solving the Problem] This artificer finds out that the above-mentioned purpose can attain by performing corona 
discharge processing to carbonaceous material, and came to complete this invention. 

[0009] That is, the manufacture method of the nonaqueous electrolyte rechargeable battery characterized by this invention 
performing corona discharge processing into carbonaceous material in the manufacture method of a nonaqueous electrolyte 
rechargeable battery that use a lithium multiple oxide for a positive active material, and the spacing of a carbon layer uses 
carbonaceous material 3. 4 A or less for a negative electrode is offered. 
[0010] Hereafter, this invention is explained in detail. 

[001 1] The manufacture method of this invention is characterized by carrying out corona discharge processing to the 
carbonaceous material used for the negative electrode in the manufacture method of a nonaqueous electrolyte rechargeable 
battery. In this case, as long as the nonaqueous electrolyte rechargeable battery to manufacture uses a lithium multiple oxide 
for a positive electrode and the spacing of a carbon layer uses carbonaceous material 3. 4 A or less for a negative electrode, 
there is no limit in cell gestalten, such as a telescopic cell, a coin type cell, a square shape cell, and a button type cell. The 
method of this invention is applicable to manufacture of the cell of various gestalten. Moreover, there is.especially no limit 
also about the stage to carry out corona discharge processing to carbonaceous material in forming a negative electrode using 
carbonaceous material. 

[0012] For example, although it generally includes the carbonaceous material stratification process which the formation 
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process of a negative electrode applies the paint-ized process which mixes a solvent with a binder into carbonaceous material, 
and paint-izes carbonaceous material, and the paint-ized carbonaceous material to a charge collector, and dries and forms a 
carbonaceous material layer on a charge collector in manufacturing a nonaqueous-electrolyte rechargeable battery as a 
telescopic cell, this invention is applicable to the manufacture method of a cell including the formation process of such a 
negative electrode. In this case, you may perform corona discharge processing to carbonaceous material to the carbonaceous 
material layer which could perform in advance of the paint-ized process, and was formed on the charge collector after the 
carbonaceous material stratification process. 

[0013] Moreover, although it generally includes the pellet formation process which the formation process of a negative 
electrode carries out pressing of the carbonaceous material, and forms a pellet in manufacturing a nonaqueous electrolyte 
rechargeable battery as a coin type cell, the manufacture method of a cell including such a pellet formation process can also 
be provided with this invention. Also in this case, corona discharge processing to carbonaceous material may be performed in 
advance of a pellet formation process, and may be performed after a pellet formation process. 

[0014] In this invention, what is used for the surface treatment of the base films (polyethylene, PET, etc.) of a magnetic tape 
and the corona discharge processing currently performed as pretreatment in case it prints on the plastics front face which is 
hard to print, and the same thing can be conventionally used for the corona discharge processor used for corona discharge 
processing. 

[0015] For example, the equipment which has an electric system view as shown in drawing 1 can be used. The equipment of 
this drawing consists of RF generator 1, a high-pressure transformer 2, and an electrode 3. Between this electrode 3, the 
dielectric coat 4 is formed in the one side or both sides. The dielectric coat 4 is for securing electrostatic capacity so that it 
may combine with the electrostatic capacity produced with an inter-electrode gap and current suitable at the time of electric 
discharge may flow. According to this electrostatic capacity, an impedance and a dielectric constant become settled. As a 
dielectric coat 4, silicon and a ceramic are usually used. An inter-electrode gap is usually set as l-5mm. A ground portion may 
be designed by the forging roll die among drawing for consecutive processing. 

[0016] Moreover, in this invention, although the spacing of a carbon layer makes carbonaceous material which performs such 
corona discharge processing a thing 3. 4 A or less, since the concentration of the lithium ion incorporated between carbon 
layers when a spacing uses a narrow material compared with a difficulty graphite or ****** iVt hjs way inc r eases, it be comes 

possible to raise the-ener gy density of a ce[l. ^ 

[0017] In this invention, a lithium multiple oxide is used as a positive active material. For example, what makes a subject 

LkMQ2jM expresses one or more sorts of transition metals among a formula, and x changes with charge-and-discharge 

states of a cell, and is usually 0.05<=x<=1.10) can be used preferably. In this case, it is desirable especially as transition 

metals M to use at least one sort of Co, nic keL_and Mn. This becomes possible to make an energy density high. 

[0018] Moreover, there is especially no limitation as the non-aqueous solvent itself used for nonaqueous electrolyte. For 

example, propylene carbonate, ethylene carbonate, butylene carbonate, Vinylene carbonate, gamma-butyrolactone, a 

sulfolane, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, 2-methyl tetrahydrofuran, the 3-methyl -1, 3-dioxolane, A methyl 

propionate, a methyl butyrate, dimethyl carbonate, diethyl carbonate, Dipropyl carbonate etc. can be used. From a point 

especially stable on voltage to propylene carbonate It is desirable to use chain-like carbonate, such as annular carbonate, such 

as ethylene carbonate, butylene carbonate, and vinylene carbonate, or dimethyl carbonate, diethyl carbonate, and dipropyl 

carbonate. Moreover, such a non-aqueous solvent can be used combining one sort or two sorts or more. 

[0019] There is especially no limitation also as an electrolyte dissolved in a non-aqueous solvent, and it can be made to be the 

same as that of the conventional lithium cell. For example, it is desirable especially to be able to use LiC104, LiAsF6, UPF6, 

LiBF4, LiCF3S03, and LiN(CF3S02)2 grade, among these to use LiPF6 and LiBF4. 

[0020] 

[Function] In the nonaqueous electrolyte rechargeable battery which used the lithium multiple oxide for the positive electrode, 
and used carbonaceous material for the negative electrode, in a negative electrode, at the time of charge, between the carbon 
layers of carbonaceous material, while the lithium ion has been an ionic state, it is incorporated, and a lithium ion goes away 
at the time of electric discharge. Therefore, in such a cell, if the wettability to the electrolytic solution of the carbonaceous 
material which constitutes a negative electrode becomes large, a lithium ion will arrive at an electrode side easily, and will be 
considered that a charge-and-discharge property improves. Moreover, since the wettability of the electrolytic solution will fall 
if between carbon layers becomes narrow, it is thought that a charge-and-discharge property falls. 

[0021] Here, if coro na discharg e^rocessingjs carried out to carbonaceous material according to this invention, the wettability 
to the ele ctrotyfTc solution oTclirbonaceousrnaterial will increase remarkably. The refore, accor ding to this invention, in order 
to raiselhe energy de nsity of a cell, eve n if a spacing uses material 3. 4 A or less asa carhonaceons material, it hemmed 
possible to improve a charge-and-discharge property. 

[0022] In addition, it is possible that the activity ion kind generated by making it discharge in air as a reason the wettability to 
the electrolytic solution of carbonaceous material increases by corona discharge processing removes the contamination which 
remains on the front face of carbonaceous material, or makes a front face generate polar groups, such as -COOH, >C=0, and 
-OH, and reforms the front face of carbonaceous material. 
[0023] 

[Example] Hereafter, this invention is concretely explained based on an example. 

[0024] Corona discharge processing was performed to the powder (3.35A of spacings of a carbon layer) of the natural 
graphite of example 1 marketing, and the powder was fabricated after that on the pellet with an amount [ for coin type cells / 
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of active materials ] of 30mg. 

[0025] In this case, as a corona discharge processor, the Kasuga electrical-and-electric-equipment company make and 
HFSS-103 were used (RF-generator voltage 200V, the output frequency of 30kHz, 40kV of inter-electrode potential 
difference). And at the time of corona discharge processing, the sheet of paper was covered with the powder of a natural 
graphite, and 1600 kW/m2 was processed for the slit with a width of face of 35cm as injection power of a primary side RF 
generator with through. In addition, as an exposure at the time of this corona discharge, since the current of an inter-electrode 
gap could not be surveyed, injection power of a primary side RF generator was made into the index of an exposure. 
[0026] It asked for the critical surface tension of the fabricated pellet by the method of Zismann. Moreover, the contact angle 
was measured by the drop of pure water (surface tension 72). This result is expressed to Table 1 . 

[0027] Moreover, this pellet was used as the negative electrode, LiCo02 was used for the positive active material, and the 
coin type cell was produced using what dissolved LiPF6 (mol [ 1 //(l.) ]) in the mixed solvent (1 : 1 (Vol)) of propylene 
carbonate and dimethyl carbonate as the electrolytic solution. And the charge-and-discharge property of this coin type cell 
was measured as follows. That is, in each (25 degrees C and 0 degree C), charge and discharge were repeatedly carried out in 
the range of a 20mA constant current and voltage 2-OV, and service capacity was measured. And initial value was expressed 
for the measured value of the service capacity after charge and discharge as 100. This result is shown in Table 2 (25 degrees 
C) and 3 (0 degree C). 

[0028] After fabricating the powder of a natural graphite on a pellet rather than performing corona discharge processing to the 
powder of the natural graphite before example 2 pellet fabrication, except performing corona discharge processing of 1600 
kW/m2 on the front reverse side of the pellet, respectively, the negative electrode was produced like the example 1 and it 
asked for the contact angle and critical surface tension. This result is collectively shown in Table 1 . 

[0029] Moreover, the coin type cell was produced like the example 1 by having used this pellet as the negative electrode, and 
the charge-and-discharge property was searched for. This result is collectively shown in Table 2 and 3. 
[0030] Except not performing corona discharge processing to the powder of example of comparison 1 natural graphite, it 
fabricated on the pellet like the example 1, and asked for the contact angle and the critical surface tension. This result is 
collectively shown in Table 1. 

[0031] Moreover, the coin type cell was produced like the example 1 by having used this pellet as the negative electrode, and 
the charge-and-discharge property was searched for. This result is collectively shown in Table 2 and 3. 
[0032] 
[Table 1] 

Contact angle (degree) Critical surface tension (dyne/cm) Example 1 25.6 54.7 examples 2 30.8 Example 1 of 41.2 
comparison 73.4 24.0 [0033] 
[Table 2] 

(25 degrees C) 50cycle lOOcycle 200cycle Example 1 96.9% 92.6% 91.3% example 2 97.1% 92.8% Example 1 of 92.1% 
comparison 96.3% 92.5% 9 1 .4% [0034] 
[Table 3] 

(0 degree C) 50cycle lOOcycle 200cycle Example 1 95.3% 91.1% 90.2% example 2 95.8% 91.6% Example 1 of 90.4% 
comparison 92.1% 86.3% 81.0% From Table 1, the negative electrode of an example 1 and an example 2 is understood that 
wettability is good to the negative electrode of the example 1 of comparison. Moreover, the charge-and-discharge property of 
the negative electrode of an example 1 and an example 2, and the negative electrode of the example 1 of comparison from 
Table 2 and 3 Although there is almost no difference at 25 degrees C, the charge-and-discharge property of an example 1 and 
an example 2 is remarkably excellent in 0 degree C, That is, in the example 1 of comparison, it turns out by the example 1 and 
the example 2 that the property of 0 degree C is slightly inferior to the property which is 25 degrees C to falling greatly as 
compared with the property that the property of 0 degree C is 25 degrees C. 

[0035] Corona discharge processing was performed like the example 1 to the powder (3.37A of spacings of a carbon layer) of 
the artificial graphite of example 3 marketing, and corona discharge processing was performed to the powder of a natural 
graphite like the example 1 . And the powder 46 weight section of an artificial graphite which performed this corona discharge 
processing, the binder (SBR) 7 weight section, and the solvent (cyclohexanone) 47 weight section were mixed, the paint 
Ttt cgativo ok ) Ctro drrnixtare)-was prepared, as shown in drawing 2 , this paint was uniformly applied to the negative-electrode 
charge collector 6 which uses a coating machine 5 and consists of copper foil with a thickness of 20 micrometers, and was 
dried through the dryer 7, and the negative-electrode electrode 8 was produced. 

[0036] The contact angle and critical surface tension of this negative electrode were measured like the example 1. This result 
is shown in Table 4. 

[0037] A coating machine is used, it applied to the positive-electrode charge collector which consists of an aluminum foil 
with a thickness of 20 micrometers uniformly, and on the other hand, LiCo02 was u sed as a positive active material, the" 
graphite 3 weight section was mixed as this lithium multiple-oxide 91 weight section, the PVdF3 weight section, and an 
electric conduction agent, the paint (positive electrode mixture) was prepared, and this paint also produced [ it dried and ] the 
positive-electrode electrode. 

[0038] And an above-mentioned negative electrode and an above-mentioned positive electrode were rolled about many times 
on both sides of the separator which consists of polypropylene with a thickness of 25 micrometers in between [ these ], this 
was put into the cell can, the same electrolytic solution as what was further used for the coin type cell of an example 1 as the 
electrolytic solution in this cell can was poured in, and the telescopic cell (the diameter of 18mm, a height of 65mm) as shown 
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in drawing 3 was produced, in addition, drawing 3 ~ setting -- 8 - a negative electrode and 9 ~ a negative-electrode lead and 
10 -- a positive electrode and 1 1 -- a positive-electrode lead and 12 — separator and 13 — in a positive-electrode lid and 16, an 
insulator and 17 express the center pin and, as for a relief valve and 14, 18 expresses [ a gasket and 15 ] the 
negative-electrode can 

[0039] In 0 degree C, charge and discharge were repeated for the charge-and-discharge property of the obtained telescopic 
cell in the range of a 250mA constant current and voltage 4.2-2.75V, and it asked by measuring service capacity. This result is 
shown in Table 5. 

[0040] After performing corona discharge processing to the powder of example 4 artificial graphite beforehand, a paint was 
not prepared using the powder of the artificial graphite, but the paint was prepared using the powder of the artificial graphite 
which does not perform corona discharge processing, the paint was applied to the charge collector and it dried, and except 
performing corona discharge processing of 1600 kW/m2 on the front reverse side after that, respectively, the negative 
electrode was produced like the example 3 and it asked for the contact angle and critical surface tension. This result is 
collectively shown in Table 4. 

[0041] Moreover, the telescopic cell was produced like the example 3 using this negative electrode, and the 
charge-and-discharge property was searched for. This result is collectively shown in Table 5. 

[0042] Except not performing corona discharge processing to the powder of example of comparison 2 artificial graphite, the 
negative electrode was produced like the example 3 and it asked for the contact angle and critical surface tension of a negative 
electrode. This result is collectively shown in Table 4. 

[0043] Moreover, the telescopic cell was produced like the example 3 using this negative electrode, and the 
charge-and-discharge property was searched for. This result is collectively shown in Table 5. 
[0044] 
[Table 4] 

Contact angle (degree) Critical surface tension (dyne/cm) Example 3 21.1 55.0 examples 4 21.1 Example 2 of 55.0 
comparison 65.3 27.3 [0045] 
[Table 5] 

(0 degree C) 50cycle lOOcycle 200cycle Example 3 94.8% 92.0% 89.9% example 4 94.8% 92.4% Example 2 of 90.3% 
comparison 91.5% 85.0% 82.6% In Table 4, the negative electrode of this example 3 and an example 4 also shows that 
wettability is good to the negative electrode of the example 2 of comparison. Moreover, from Table 5, the cell of these 
examples is understood that a charge-and-discharge property is good also in 0 degree C. 

[0046] Like example 5 example 3, corona discharge processing was performed to the powder of an artificial graphite, and the 
negative electrode was produced. At that time, the exposure at the time of corona discharge processing was changed as shown 
in Table 6, the electrode front face after corona discharge processing was analyzed by ESCA, and it asked for the ratio (C/O) 
of the peak of CI s orbit and 01 s orbit. This result is shown in Table 6. 
[0047] 
[Table 6] 

Exposure 9.5 8.9 0 180 200 300 500 1000 1600 3000 4000 7500 (kW/m2) C/O 78.6 78.0 30.3 25.6 16.9 14.0 9.9 10.2 By 
this system, an exposure understands that 200 - 8000 kW/m2 is suitable for the range from this result. Since an electrode front 
face will not fully change if fewer than 200 kW/m2, it is not desirable. On the other hand, it becomes difficult [ making / more 
/ an exposure than 8000 kW/m2 ] to obtain a high current actually. 
[0048] 

[Effect of the Invention] According to this invention, even if the spacing of a carbon layer uses carbonaceous material 3. 4 A or 
less for a negative electrode in manufacturing a nonaqueous electrolyte rechargeable battery, it becomes possible to suppress 
degradation of the service capacity when repeating charge and discharge at the temperature of 0 degree C or less. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the nonaqueous electrolyte rechargeable battery characterized by performing corona 
discharge processing into carbonaceous material in the manufacture method of a nonaqueous electrolyte rechargeable battery 
that use a lithium multiple oxide for a positive active material, and the spacing of a carbon layer uses carbonaceous material 
3. 4 A or less for a negative electrode. 

[Claim 2] The manufacture method of a nonaqueous electrolyte rechargeable battery including the carbonaceous material 
stratification process which applies the paint-ized process that the formation process of a negative electrode mixes a solvent 
with a binder into carbonaceous material, and paint-izes carbonaceous material, and the paint-ized carbonaceous material to a 
charge collector, dries and forms a carbonaceous material layer on a charge collector according to claim 1 . 
[Claim 3] The manufacture method of a nonaqueous electrolyte rechargeable battery according to claim 2 of performing 
corona discharge processing into carbonaceous material in advance of a paint-ized process. 

[Claim 4] The manufacture method of a nonaqueous electrolyte rechargeable battery according to claim 2 of performing 
corona discharge processing in the carbonaceous material layer formed on the charge collector after the carbonaceous 
material stratification process. 

[Claim 5] The manufacture method of a nonaqueous electrolyte rechargeable battery including the pellet formation process 
that the formation process of a negative electrode carries out pressing of the carbonaceous material, and forms a pellet 
according to claim 1 . 

[Claim 6] The manufacture method of a nonaqueous electrolyte rechargeable battery according to claim 5 of performing 
corona discharge processing into carbonaceous material in advance of a pellet formation process. 
[Claim 7] The manufacture method of a nonaqueous electrolyte rechargeable battery according to claim 5 of performing 
corona discharge processing into carbonaceous material after a pellet formation process. 



[Translation done.] 
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s. -at«Wftbfcii8»^^wi«awiu sag 

[0001] 

CmtfiDfilM^] iHBSthRcy** 30 

[0 0 0 2] 

[0 0 0 3] Wtl£ r © J: e> *#fetcaS8ffir^c®t6tc 
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WfSZiljWWSSnTV** 08881862-90 8 6 

[0 0 0 4] #fefc®S?Sfc:7^a©iE^gfeafc 
l/ttt. 'u**Aif6mfc»tf. «ffl8ftfcl«Li:£«.-' 

[000 5] 

©^g®*m^ LTtt. «fc y L i SriSSBgtC K-^U 
T, «fi«Dx*;WMMt:W<**&fc. «*R©iIi 

[0 0 0 6] flSfe. -ttC«MS*lTV* 

15, flfflK*3. 4*>yxKn.-i^©<WttH» 

sffis-rsi:, or«TT»a«i&ii»jabfc«6ffl» 

[0 0 0 7] i<^^lieU:©<ke>«ifi6(®JI5©iSffl«: 
3. 4*>^hO-i^(0i»WW«IWLT* 

[0 0 0 8] 

[0 0 0 9] 0%. iflSSItt, jEBSMBcy*** 
[ooio] «T, -£®^*fMlcfllffrs.' 

[ooii] zoymomt&mt mwrnca* 
f&vmmK&^x. *<Dfmizmtzmmm 

try, isgm m 
v:z.<Dm<ni3&zm%tzz£tfX'%z. *&. em 

[0 0 12] IUH #*IMM=imtflSm2: 
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««W»da*t£tnft 3<£f8Wi, 3©J:e»fcft 
TffoTfciH. 10 

[0013] #*mt~&nte34' 

l/y +J»fcaiE5fcao't*foT%iJ:<, H»fc- 
[0 0 14] SOWfllCSWC, sartMnSICttB 

tSnn^flSas^Sfc* fefe ^^-^ok-^ 20 

(#»JXfU>, PET« 040009$* S3 
[0 0 15] m^Ufe£3»l»MRHfc 

as. 3<&#®§£icj&&t, -f ^if-4f>xJMW* 
ofcftfcn -;iaBcRff2*i* 3 £ 

[0 0 16] 3©^fCfeV^Tii, 3©J:^«:=I 

3hC£ yjKft||t»3ky&£*i« U^«r A-f *><Wi 
«W»*©Tf, ^&x*;i/¥-ffig£|*a±Si*:S3 

[0 0 17] 3CD^|{cfev^ jEMMRfc bTtt, 

'J **A*tt»ft!*«OT"f «. Ell L i X M0 2 

stewsicioT^fcy, as. o. ossxsi. 1 

0T?&£) &£ftt*Sfc<D&#£L<«y§t$3fctf 

3<Z>@£, $$CjB£&8&[i:bT, Co, N 
i, Mn0^<fc%l««OT**rfc*W*U*. 50 
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4 

3*UCfcy, x*;i/^-^g|4]«<tS3i:ji)^rili:«: 

coo i si mmmm-tzmzmm 

K x*l/>*-iff*-k 7*1/:/*-jK*-K ^ 

y, .1, 2-5tth*2/x*>, l, 2-yih*J/i 
*x 2-^^;i^h5fc: 3-^^- 
i, s-sfcrev^x yntr^>ibi5 1 ;k 
y*^;i/*-#*-k Vx&Mi-X*- k y 

*ECS3&&y3to»&^n if I/>*-jK* - k x* vy 
#-#*-k ^l/^*-**-K fcT- 

-K 5?x*;W7-jK*- k s^ntf/i/*-iK*--I» 

fe, 3©j:e>35:**^»i, im*tci*2mxtm& 

[0 0 19] ##i^^3tf*S»a£LT%4#lc 

«&.#!*.(£. LiC10 4 , LiAsF 6 . LiPF 
6, L i B F4, LiCF3S03, LiN (CF 3 S 
O2) 2$ t £«B"Ct> 3®e>^CLiPF6 J f>Li 

[0020] 

HflSJ jEBcUf9Z»IKMMi*&ttliU ftRBCK 
*>tfHitv\<. . UfeffoT. 3<0J:-i>fc«?SlCi3^T 

[0021] 33-e, z<m%izLfctf?x&m/mm 

tt ®fi©x*;i/^-{|fgS:iSLh$-&5fe«)JC 
Wi:bTlflSI5gA^3. 4*>^hn-AKTffltW 
SffifflLT%), 3Sfii®{fttS:ai^t53^*f5ri6il* 

[0022] ft& aa^K«WJ:ytf8UIHff<8 

awa**si:cj:y«sbfc«stt'f*i«w. lasts 
*m«)«®{c«#LTv^^s®sBs^bfey, * 

[0023] 
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[o 0 2 4] £86091 

[0025] zoms. an-rtkwiHBaiiibm 

#HS^tS?> HF S S- 1 0 3 fc&MLfc (iKffiffll 
®SE2 0 0 V, |£W3 0 kHz, ^MSOWtS. 
M4 0kV) . -tbt, an-ttMWSIPMcti. ^8JH 
<9ffl1B*8:jlfi05/- MCftaftft. (13 5 cmOWU y 
> «lbfc#&, 1 &MUI ift«W!)«Mt*i: 1 
6 0 0kW/m2©fltJl&?Tofc. I©3Dt|[ 

[0 0 2 6] B83^Lfe^l/y h<Z>R^g®©££Z i s 

mann©j688C*y#K>fc. *6* 
(£®3S# 7 2 ) OffiffC J: »j MB. L/fe. CKDjg&fc* 

[0 0 2 7] rayU/vhfclWfcU iBHStt 
«cLi'Co0 2S4W8U WWfcbTTnifi/:/* 
-**-hts;*^*-#*-hoaMMMK (1:1 

(Vol) ) ICLiPFe (lmol/1) ZtmLtz 



■fe, 2 SICfttf oravt^vWlCjSV^'t, 2 0mA©£ 
«HI*10 0fcbT*Lfe. d<DHmS^2 (2 5 

ic) &tf£3 (oic) icavr. 

[0 0 2 8] £fr£0!I2 
10 ft. -ffiD^l/y h©»C*tv€»ll 6 0 0 kW/m2 

rarest, tmmtm-^m^^^ 

[0 0 2 9] *fe. iO^l/yHdWfcbTjtttWl 

fe. £fl^»2*C%3K:#1irtw'*-. 
tOO-3 0] tfJWSIl 

[003 1] £0*l/yhWWi:l/CjaMll 
[0 0 3 2] 



[0033] 



[0034] 



g$t# (degree) Bgf&SS* (dyne/cm) 




2 5. 6 


54. 7 


3SJS092 


30. 8 


41. 2 




73. 4 


24. 0 






« « [^2] 






(2 5"C) 




5 0 cycle 


lOOcycle 2 0 0cycle 


IO£0!l 


9 6. 9% 


92. 6% 9 1. 3% 


1556092 


97. 1% 


9 2. 8% 9 2. 1% 


mmi 


9 6. 3% 


9 2. 5% 9 1. 4% 






★ ★ 1313] 






(01C) 




5 0 cycle 


lOOcycle 2 0 0cycle 


mmi 


9 5. 3% 


9 1. 1% 9 0. 2% 




9 5. 8% 


9 1. 6% 90. 4% 


mmi 


92. 1% 


8 6. 3% 8 1. 0% 



mmMimmmummt. mmi a 

&mKMLXM1X&&*^ZlifftofrZ. tfc. &2& 

tf$3ft>*>, mm i xamm 2 omtmm 1 0 
0 n tttmm 1 mmm 2 ©jfc&eattttfg u < ft 

ftTH*£fc, ifc$miT?ttOT:<D4$&ff2 5iC 



50 



&tf|Q6092-eW:O1S<7>#8#2 51C0*ttK#bT* 
(0<0 3 5] JUM3 

*hn-A) ictturiOiMl^ni^aa^nillQa 



(5) 



mm<m*± 6 juy# (sbr) imst 
n tmsm &i®!u mzmbtz* 

[003 s] zmm<mmtm-$m&]zmw 

l£ll8ttCLTil5£Lfe. r<Z>JgJH£3l4 tc^t. 
[0 0 3 7]-£, mWfflm.£LXLiCo0 2*&. 
MU £©V^7A&£gWfc&9 l«m PVdF3 

[0 0 3 8] ZLXJMfDgMtsEmtZ. -tft&ISK: 
m% 2 5 n m©3}<U 7n£V>fr &&.5-feA>-* 

m&miz.wmtbx. ^mi<Dn>(ymmz.& 

lZffi%MH& (ittSl 8 mm, lS6 5mm) Sf^8U 
fe. fcfc, 03 CSV ^, 8i*m. 9tt&ffiy-h\ 
lOttiEtt. llHaBKU-K. 1 2tt-&AI/-*, l 
3tt$£#, MWtffcWrvK 1 5iiiEm 1 6tt 
17ttlr>*-tf>, 18ttMffi&* 



10 
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[0039] m<otitdiffiffimm8itm& ov\z 

fc^T, 2 5 0mA<Z>5£SSfc. SEE4. 2~2. 75V 

<msxmmmmu tmgmmittzzuz 

[0 0 4 0] 

-e©3aBc-e*v?*ii 6 0 0 kw/m2©nn^-i!c 
«Slftff5EW4Sfl6«3 fcPHHCLTMi&fBi 

[oo4i] zmm^mhxmm3tm 
cMantinu *®3yj®i3&£#«>fc. rajs 

£&&5{C0H*"Cj*1\ 
[0 0 4 2] tf3R0![2 

[0 0 4 3] LTlSftH 3 £Rltft 

cwwtfwu *®mm&zmtz. zm 

5kZ&SK.mX*t. 
[0044] 
[£4] 



[004 5] 





m& (degree) 


B^®5&fr(dyne/ai) 




21. 1 


5 5. 0 


mm* 


21. 1 


5 5. 0 


mm z 


6 5. 3 


27. 3 






« $ ms] 






(OS) 




5 0 cycle 


1 0 Ocycle 2 0 Ocycle 




94. 8% 


9 2. 0% 8 9. 9% 




94. 8% 


9 2. 4% 9 0. 3% 


J£WJ2 


9 1. 5% 


8 5. 0% 8 2. 6% 



e>, r^e>ii^<)5m{iox;K:fev>T%)3m®f^ 

g&X-2bZZ.t.tft)frZ>. 
[0046] HS6W5 

««fv\ £ffi&tt33l/fc. *©l& nn^ScSSSP** 



£®&ESCAK:«J:y#P«rU C 1 sfBttO 1 sgtil 

(c/o) r©ii^2^6{c 

mi". 
[004 7] 
»6I 



fm& 0 180 200 300 500 1000 1600 3000 4000 7500 
(kW/m2 ) 

C/O 78.6 78.0 30.3 25.6 16.9 14.0 9.9 10.2 9.5 8.9 
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ifiDflgf&fr'i, £CD*T*ttH«*»*IBHtt2 0 0~ 8 0 
0 0 k W/m 2 #aUS"7!ft.5 3 2 0 0 k W 
/m2 j; y^ftv^«W8EflH^aEfttftvW)-e«F 
£L<fcK IW**8 0 0 0kW/ni2j:y# 

[004 8] 

*IBWSK:»fc»J, A«KJJM®iiflH^3. 4* 

yyx\>u-2MT®mmmz&f$LT$). ago 



[01] r©^C^T?£S:an:^ffltS«9Sa»0tt 
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[02] =z-*-£&«UT*Sft{Cg** (gffi&ffl) 

[03] 1S®«fi©Ui^0T*fe5. 
[fSFtoSi^] 



1 . 




2 




3 




4 




5 


3-*- 


6 




7 




8 


A® 


10 





[01] 



[02] 




\P 



[03] 




BtfflB] ¥&6#6J|1 IB [#£«£] 

[#MfiEl] [0 0 2 7] rflD^UvhSABiiU iEffi¥fe 

m£$mm&] mm «cLico0 2*«wu zmtixjaxisy* 

[«E*f*£gI&] 0 0 2 7 -#*-h£V**»*-**-h<09UAm (1:1 

BliE£tt] SOI (Vol) ) {CLiPF6 (lmol/1) fcitfiSLfe 
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2 5T:&t;oicfl>en*wci3v\T, _imA<&j£m arm 3 (oic) cast. 
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